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1. ABSTRACT 
In developing countries clean fuel for cooking and waste treatment are unreachable to many. In contrast to 
biogas plants treating animal wastes in India and China, there are no residential level anaerobic systems that use 
domestic organic wastes (DOW) to provide energy for cooking and solutions for waste treatment, nutrient 
recycling and compost. 
This paper discusses the salient features and performance of an anaerobic reactor developed at Integrated Rural 
Technology Centre (IRTC), Kerala, India for treatment of DOW for biogas and compost. The reactor consists of 
a garbage digestion chamber, inlet and outlet chutes, gas holder, scum submersion system and a pre-treatment 
compartment for wastewater. 
The reactor having a volume of 1.5 m3 was filled with 29 kg (dry matter) of DOW and 5% of inoculum at the 
start. Gas production started on the 220d day and then weekly feeding of the plant commenced. The reactor 
performance monitored for 210 days observed that the average, minimum and maximum volumetric gas 
production rates were 0.16, 0.014 and 0.56 m3 of biogas/m3 reactor volume/day. It is concluded that cooking 
energy requirements for households in developing countries could be met with such a system even with 
intermittent feeding of DOW. 
Keywords: Anaerobic digestion, biogas, cooking energy, domestic organic waste, garden 
wastes, green cuttings. 
2. INTRODUCTION 
Anaerobic digestion of organic wastes to useful end products has been an active research 
topics and an engineering challenge for decades. For ego fourty three years ago, in the first 
issue of a journal now known as BioCyc1e, a report by Dr Golueke was published on how a 
small anaerobic digester could provide an economic solution to the treatment of farm wastes 
(Goldstein and Roos 2001). Even before, this report was published, there had been major 
activities in the field of anaerobic digestion of organic wastes in Europe, particularly in 
Germany and England, especially during the period of World War II. . 
The anaerobic digestion of municipal solid wastes (MSW) has been of interest in the U.S. 
since the mid-1970s (Wujich and Jewell, 1980). However, effective full-scale technical 
developments in solid state fermentation (20 to 40% TS) were carried out only in the last few 
years in Europe (Baeten and Verstraete, 1993; Braun and Steffen, 1997). A variety of reactor 
designs are currently in use that are operated at temperatures ranging from 37 to 60°C and 
with residence times between 9 and 42 d (Baeten and Verstraete, 1993). 
In India and China, small scale anaerobic systems that use animal manure to produce biogas 
have become popular since the late 70s. In India itself, about 3.3 million biogas plants were 
installed until 2001(MNES, 2002). However, successful operation of biogas plants that use 
domestic organic wastes (DOW) such as food waste, plant litter and waste paper have not 
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been reported. Several attempts have been made to modify the existing biogas systems that 
are designed to treat liquid or semi-solid wastes to cater to DOWs. 
In China, a similar success for small and community level anaerobic systems that semi-solid 
wastes such as animal manure has been reported. Recently, Chen (1997) reported on a new 
eco-agricultural system, the livestock-biogas-fruit system in Meixian, China. Grapefruit 
litterfall and pig dung were fed into the anaerobic digester. 
Small scale and community level anaerobic reactors treating DOW to produce biogas that can 
meet with cooking energy requirements are not yet available commercially. The cooking 
energy requirement of a typical household in developed countries expressed in terms of 
biogas varies from 1m3/d to 4 m3/d, delivered at 0.1 m (-1 kPa) of pressure. Anaerobic 
reactors that make use of DOW to produce biogas of this range will have multiple advantages 
as in many developing countries clean fuel for cooking, and safe methods for managing both 
solid and liquid wastes are not accessible to millions of residents. Such a system will solve 
not only their energy needs, but also provide solutions for safe disposal of residential solid 
and liquid wastes and meet the demands of soil amendments and compost. 
Unfortunately, the focus of research and development in anaerobic digestion technologies in 
developed economies has been for large scale systems for DOW or organic fraction of 
municipal solid wastes (OF-MSW). For example, during the energy crises of the mid- and 
late-1970s, the search for alternative energy resources led to investigation of small-- and 
medium-scale anaerobic digesters based on animal excreta, developed in India and China to 
determine whether these technologies were directly transferable to farms in the United States. 
Unfortunately, most are much too small to be useful to most American farmers (Lusk 1999). 
2.1 Objectives 
The main objective of the study was to evaluate the long term performance of a plug flow 
anaerobic reactor of residential scale developed to produce biogas from raw domestic organic 
wastes (DOW). 
Other objectives included investigation of operational issues in relation to AD of DOW in 
residential level systems and discussion of design, process and features of the anaerobic 
reactor for DOW treatment and production of biogas for residential to small community 
applications. 
2.2 Anaerobic Digestion of Domestic Qrganic Wastes - Operational Issues 
As mentioned in the previous section, millions of residential and small scale anaerobic plants 
that use animal manure to produce biogas for cooking or lighting requirements have been 
installed worldwide, particularly in China and India. These systems are designed for free-
flowing slurry inputs. When DOW (which essentially consists of solids or semi-solids) was 
added to these systems, the result was a total failure from both performance and operational 
points. 
The major operational problems with application of DOW in conventional anaerobic (biogas) 
systems designed for treating animal excreta are identified in the following section. 
2.2a Scum Formation 
Bulk density of DOW such as leaves, grass, food wastes, paper etc. is about 200 to 500 
kglm3. Because of this low bulk density, DOW has an inherent tendency to float at the top of 
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a fully saturated reactor. In addition to this, the gas bubbles consisting of methane and CO2 
adhere to the digesting DOW will increase the buoyant force. Over a period time, due to 
continuous addition of feed materials, a thick mat or crust of light solid material will form at 
the gas liquid interface. This exerts a buoyant force to the gas holder if it is a floating type. 
Also it reduces the effective gas storage volume for both floating type and fixed type gas 
holder. This also obstructs the smooth release of gas bubbles and the entrapped gas bubbles 
in tum increase the buoyancy further. Over a period of time, the floating crust will dry up, 
which will adversely affect the operation of the anaerobic reactor. 
2.2 b Feeding ofraw input and removal of digested materials 
One of the main constraints of AD of DOW in small scale systems is that feeding of raw input 
and removal of digested materials are very difficult, without pre-treatment such as size 
reduction, grinding or pulverization, slurrying, pre-fermentation. Relatively bigger particle 
size, low bulk density, heterogeneous nature, non-mixing property of DOW are the major 
reasons for problems of input-output of materials. Pre-processing of feed material may not be 
economical for residential scale plants. 
2.2c Lack of Spontaneous Flow 
In plugflow anaerobic wastewater treatment systems and biogas systems based on animal 
excreta, the reactor contents are mobile from the inlet end towards the outlet end during the 
. treatment process. However, in similar anaerobic reactors which treat DOW having relatively 
bigger particle size, low bulk density and heterogeneity, the digesting materials do not possess 
this flow nature unless some external mechanism is introduced in the design. 
3. MATERIALS AND METHODS 
3.1 Reactor Design 
The main criteria for design of the residential scale anaerobic reactor for DOW treatment are 
ease of operation, cost-effectiveness, and avoidance of the requirement of electrical 
components to operate the system in remote locations as well. The design specification 
included development of mechanisms to overcome the operational constraints of AD of DOW 
in a residential scale system. 
In order to avoid use of electrical grinders and mixers, the system was designed to operate 
without pre-processing of input feed materials. Mechanical components were designed to be 
incorporated as part of the reactor system to overcome operational constraints inherent with 
un-ground or unprocessed DOW. These components would (i) prevent floatation of scum at 
the liquid-gas interface (ii) transfer the buoyant force exerted by floating solid particles to the 
digester walls (iii) to stir the digesting solids to release entrapped gas bubbles and to facilitate 
transfer of digesting solids towards outlet end as digestion progresses. 
The system is designed to provide optional treatment of wastewater from residential units as 
well. The contribution of biogas from wastewater from a household with a family size of 4 to 
6 will be about 120 L to 180 L per day, which would be relatively insignificance in terms of 
energy. However, by combining DOW with wastewater, the requirement of an additional 
wastewater treatment unit can be eliminated, though the risk of pathogen contamination in the 
digested solids will be a matter of concern. 
The anaerobic reactor, an underground tank constructed using ferro cement method (ACI, 
1993), was applied with two coatings of melted bitumen and a layer of poly vinyl chloride 
sheet to prevent corrosion and to ensure the reactor leak proof. Being underground, any 
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manual operations required for the reactor will be more ergonomical than an above ground 
system, as sufficient leverage will be available for feeding, scum removal and stirring reactor. 
In addition, ambient temperature fluctuations will not affect the reactor performance as 
underground temperature variation will be of the order of2 to 4 °c only on a diurnal basis and 
would provide steady gas production. Further, an underground system will facilitate gravity 
flow of wastewater into the system where it is to be treated along with DOW, hence pumping 
stations can be avoided. 
3.2 Reactor configuration 
The reactor is a long rectangular tank with chamfered ends. Also, the twin compartment 
branch where wastewater is pre-treated is connected monolithically to the reactor at an angle 
of 45° to the main digester, towards the inlet end. 
The garbage digestion chamber (main chamber) is 0.8 m wide and 2.5 m long. Width at inlet 
and outlet ends are 0.30 m and 0.50 m respectively. Depth at the inlet is 0.80 m and outlet is 
0.90 m. This bottom slope is provided to help the sludge move towards the outlet end. The 
volume of the reactor including that occupied by the gas holder is 1.2 m3 and the effective 
volume occupied by ODW is 0.74 m3. 
The input, DOW is fed using a ram or plunger and a tool was developed for scooping out 
digested material to the soak pit. A ledge is provided at the inside along the long walls to 
arrest the scum submersion system from being pushed up. When there is no gas in the gas 
holder, it rests on the ledges. Water is added to the reactor when the level falls below the 
optimum mark, however daily addition along with the substrate is not essential. 
Gas holder is a single piece of 2.4 m long and 0.80 m wide and 0.40 m deep, made from 18 
gauge M.S. sheet and treated for corrosion. The gas holder has two holes of 2" at mid-span; 
two pipes of length 0.35 m are welded to these holes. Handles of scum submersion system are 
taken through these pipes. 
A scum submersion system, which also performs as a stirrer has been incorporated 'in the 
main digester. This will also help move the contents towards the outlet end. 
The wastewater treatment segment has a uniform width of 0.60 m, 0.60 and 1.20 m long each 
side and depth at inlet pipe end is 0.70 m and the end where it joints the main chamber is 0.80 
m. This is bottom slope will help the settled sludge move towards the outlet. 
The wastewater treatment section has two baffle,S, the first baffle has an opening at the bottom 
with of 0.20 m height and 0.60 m wide. The baffle obstructs the direct flow of sewage to the 
main DOW digestion section and this ensures that only the digested sludge will be transferred 
to the main section. 
At the outlet end of the main section, a circular soak pit is provided to collect and dispose of 
effluent and digested solids. 
A biogas measurement system has been installed that consists of a graduated floating gas 
holder made up of galvanized iron drum placed in an oil barrel. Gas holder was kept in the 
barrel filled with water. This was then connected to the gas holder of the digester. A 
manometer was installed to measure the gas pressure in the gas holder. 
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Once weekly production of gas from the reactor was measured, the biogas was used for 
cooking using a commercially available burner. 
4. RESULTS AND DISCUSSION 
Once the fabrication and installation of the components of the plug flow anaerobic reactor for 
DOW treatment were completed, the system was tested for leakage. This was followed by 
initial loading up of the reactor with DOW. Though there was facility for receiving sewage, 
the sewer connection was disabled in this experimental trial as frequent handling of the 
contents of the reactor was required. 
The system was left undisturbed for commencement of gas production after initial loading of 
substrate. The system was loaded with DOW on a weekly basis from week 7 onwards. The 
plant was monitored for 210 days for both gas. production and input of the feed substrate, 
DOW. Occasional manual stirring using the scum submersion system was done to move the 
digesting solids towards the outlet end. 
4.1 Temperature 
The effect on the performance of anaerobic reactors, especially in locations where there is a 
wide fluctuation of daily and seasonal temperature. The site, Palakkad, Kerala in India, where 
the experiments were conducted, being tropical, there is not much variation of temperature, 
particularly the sub-soil temperature. 
As Table 1 shows, the average ambient temperature recorded during the period of experiment 
'recorded at 4 PM was 26DC and the maximum and minimum temperature being 32DC and 
21.5De respectively. The temperature variation between night and day was in the range of 5 to 
lODe. The sub-soil temperature remained about 21 DC throughout the duration of the 
experiment. 
Table 7: Operational characteristics of the anaerobic reactor 
~ 
Parameter Minimum Maximum Average 
Temperature DC 21.5 32 26 I 
Wet weight (kg) of substrate added 5 49.5 15.5 , 
Dry weight (kg) of substrate added 2.25 22.45 7.32 
Solid retention time (SRT) days 38 4 12 ! 
Weekly gas production (Llweek) 440 2,887 1,224 
Volumetric gas production rate 
(m3 gas produced/m3 reactor 0.08 0.56 0.23 ! 
volume/d) 
4.2 Initial Loading of DOW and Reactor Start Up 
The reactor was designed as a plug flow anaerobic system with weekly addition of DOW. At 
the commissioning stage, the main garbage digestion section was filled with a total of 191 kg 
wet weight or 98 kg dry weight of DOW. The initial DOW consisted of straw, leaves of 
mulberry and teak plants, weeds, waste paper and food waste. 
The substrate DOW added to the reactor was not pre-processed as the main objective of the 
study was to investigate the long term effect of treating DOW without any pre-processing. 
, 
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The reactor was inoculated with 10 kg wet weight of slurry from an operational biogas plant ~l~ 
treating animal excreta. Once the reactor was filled with DOW, scum submersion system and .. 
gas holder were installed, which is followed by addition of water to the required level. 
4.3 Substrate Feeding and Gas Production 
Wet weight and corresponding dry weight of substrate (DOW) added per week are shown in 
Figure 15 along with weekly biogas produced in litres measured at a pressure of 0.1 m of 
water (~1 kPa). 
The reactor was added DOW on a weekly basis from the i h week after initial feeding. On 
weeks 16 and 28, DOW was not available and hence no substrate was added to the reactor. 
The quantity of substrate added to the reactor was mainly determined by the availability of 
DOW at the experimental station. 
The minimum quantity added was 5 kg wet weight (2.25 kg dry weight) per week and the 
corresponding values for the maximum substrate added were 49.5 kg and (22.45 kg dry 
weight) per week. The average weekly input of DOW to the reactor since week 7 was 15.5 kg 
wet weight (~7.32 kg dry weight) (Refer Table 1). The percentage of dry matter content of the 
input DOW varied according to its composition and it was in the range of 41 % to 50%, 
though in one occasion the highest percentage was 59.2%, when DOW consisted of dry 
leaves, straw and used news paper. 
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Figure 15: Performance of the Anaerobic Reactor: Weekly Gas production and Substrate 
Input 
Solid retention time (SRT) is one of the important operational characteristics of anaerobic 
reactors treating organic solid wastes. For readily biodegradable wastes, the SRT for 
maximum conversion of biodegradable volatile matter to biogas would be a matter of 5 days. 
However, for DOW such as dry leaves, straw which consist of high content of lignin as well 
as a natural refractory coating on them, it requires a long SRT (such as months) for maximum 
conversion to biogas. A continuous type anaerobic reactor would require substantially larger 
volume to accommodate this high SRT, which would make the technology economically 
unattractive. During the 29 week trial period, the average SR T based on the effective reactor 
-----... 
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volume of 0.74 m3 is estimated as 12 days, whereas the maximu~ and minimum SRT values 
are found to be 38 days and 4 days (see Table 1). 
The biogas production commenced on the 22nd day (3 rd week) of start up of the reactor and it 
continued until the end of the trial. Boelens et aI, (1993) reported that for DRANCO system 
treating vegetable, fruit, garden, paper and general household waste in Belgium, the biogas 
production started on the 3rd week after start up. However the reaction in that plant was 
carried out under thermophilic (52°C) conditions. 
There had been a high variability of weekly gas production as can be seen in the Figure 15. 
Gas production between the weeks 22 and 25 was low due to some mechanical fault in the gas 
holder. Apart from this, the gas production profile followed the trend of weekly substrate 
input, though with a delay of a week. For example, peak in substrate addition on week 12 was 
followed by a peak in gas production week 13, and for week 16, no substrate was added and 
there was a depression in gas production in week 17. An exception to this phase lag was noted 
on week 21, when gas production did not peak the following week, instead, it was lower than 
expected. This was due to error in gas measdrement as one of the valves was leaking. 
This study could not establish a reliable statistical correlation between the amount of gas 
produced and the substrate addition on a weekly basis. It may be due to the high degree of 
variability in the type and quantity of substrate, degree of mechanical stirring provided, and 
due to the effect of temperature (there was a difference of about lOoC between the extremes of 
tem1?erature) . 
It can be inferred from Figure 15 that the reactor took about 10 weeks to stabilise at the start 
up, however, the effect of variability of weekly substrate addition was effective only on the 
following week. However, a closer interval of data collection would have provided better 
information on lag period between substrate addition and the resultant variability in gas 
production. The characteristics of substrate (eg. particle size, readily bio-available volatile 
matter) in addition to quantity added would also have a significant role in lag period. The 
author had noted in previous experiments with laboratory scale reactors that addition of waste 
consisting largely of processed food such as cooked rice resulted in increased gas production 
in a matter of about 3 to 6 hours. 
The average and maximum values ofbiogas produced were 1,185 Llweek and 2,887 Llweek 
respectively (Table 1). The minimum quantity of gas produced between weeks 5 and 28 was 
439 Llweek. On a daily basis, the maximum gas production was 412 Lid, and the maximum 
volumetric gas production rate was 0.56 m3 of biogas produced/m3 reactor volume/day. The 
average volumetric gas production rate (VGPR) observed was 0.23 m3 ofbiogas produced/m3 
of reactor volume/day. The gas production rate expressed as a function of reactor volume 
would indicate the efficiency of the reactor, but for composite substrate such as DOW, it also 
varies with respect to the bio-available carbon in the substrate and the volatile solids loading 
rate, and the physical characteristics of the substrate, operating temperature. The reported 
values of VGPR in the literature for different reactor systems and designs vary significantly. 
For example, Ghosh et al (1983) reported for two phase solid bed acidification and fixed film 
methane fermentation system, the VGPR observed was 0.21 m3/m3 of reactor/day at the start 
up and increased to about 4 m3/m3 of reactor/day. Cecchi et al (1991) reported 0.93 m3 of 
biogas/m3 of reactor volume/day for their experiments with organic fraction of municipal 
solid wastes (OF-MSW), and also achieved a very high value of 2.6 m3 of biogas/m3 of 
reactor volume/day for substrate consisting 20% sewage sludge and 80% OF-MSW. Organic 
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waste systems, which developed Dranco systems reported VGPR of 4 to 8 m3 ofbiogas/m3 of 
reactor volume/day, but at thermophilic conditions (50 to 58°C) (OWS, 1993). As the process 
mechanisms, and solid loading rates, operating temperature and characteristics of substrate 
used in the above studies are different, the comparison of VGPR values makes little sense. 
However, it indicates that the experimental reactor is on the lower production side, and further 
research needs to be done to improve its efficiency. 
The specific gas production rate (SPGR), obtained as total gas produced/total volatile solids 
(TVS) added during the trial period was 0.234 m3 of biogaslkg TVS added. TVS was 
estimated to be about 53% of total solids. The quantity of gas production was corrected for 
losses during the weeks 22 and 24 due to leakage in valves, by interpolation. Cechi et al 
(1991) reported an SGPR of 0.229 m3 ofbiogaslkg TVS added. 
4.4 Other Operational Performance 
During the trial period, there were no operational hindrances for continuous digestion in plug 
flow mode. The mechanism developed to stir the reactor, to make the solids move towards the 
outlet end, and to transfer buoyant force to digester walls as well as to release entrapped gas 
operated successfully. No acid inhibition was observed during the trial period. 
5. CONCLUSION 
Residential scale anaerobic reactor for producing biogas from domestic solid wastes was 
successfully operated for about 29 weeks. The mechanisms developed to overcome the 
constraints of continuous digestion of DOW in a plug flow reactor performed effectively. 
The performance of the system during the trail period showed that even with intermittent 
loading of solid wastes, it could provide consistent biogas for meeting the essential cooking 
energy requirements of a household of 4 to 6 members in a developing country such as India 
for a cost of about US$200. A properly scaled up system can also meet the energy 
requirement for lighting and cooking in remote households in the developed economies as 
well. 
It is recommended that further studies need to be carried out to optimise the design and 
performance of the reactor. 
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